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ELECTROCHEMICAL FUEL DEOXYGENATION SYSTEM 



BACKGROUND OF THE INVENTION 

[1] The present invention relates to the removal of dissolved oxygen from fuels, and 

more particularly to electrochemically converting the oxygen to water. 

[2] The presence of dissolved oxygen in hydrocarbon jet fuels may be objectionable 

because it supports oxidation reactions that yield undesirable by-products. Jet fuel is often 
utilized in aircraft as a coolant for various systems in the aircraft. Dissolution of air in jet 
fuel results in an approximately 70 ppm oxygen concentration. When aerated fuel is heated 
between 350°F and 850°F the oxygen initiates free radical reactions of the fuel resulting in 
deposits commonly referred to as "coke" or "coking." Coke may be detrimental to the fuel 
lines and may inhibit combustion. The formation of such deposits may impair the normal 
functioning of a fuel delivery system, either with respect to an intended heat exchange 
function or the efficient injection of fuel. 

[3] Typically, lowering the oxygen concentration to 2 ppm is sufficient to overcome the 

coking problem. Various conventional fuel deoxygenation techniques are currently utilized. 
One conventional Fuel Stabilization Unit (FSU) utilized in the aircraft field removes oxygen 
from jet fuel by inducing an oxygen pressure gradient across a membrane permeable to 
oxygen. Although quite effective, the gradient is produced by vacuum on one side of the 
membrane. As the vacuum also introduces mechanical forces on the membrane, the 
membrane is supported on a porous stainless steel plate, which is relatively expensive and 
may be a diffusion barrier requiring a relative increase in the unit size. Mechanical pumps 
and vacuum housings are also required which further increases the size and weight of the 
system. 

[4] Accordingly, it is desirable to provide a method and system for the deoxygenation of 

hydrocarbon fuel which minimizes coking in an inexpensive, size and weight efficient 
system. 
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SUMMARY OF THE INVENTION 

[5] The fuel system for an energy conversion device according to the present invention 

includes a deoxygenator system with an electrochemical conversion system that removes 
oxygen from the fuel through conversion of oxygen to water. The electrochemical 
conversion system includes a first electrode, a second electrode, and an electrolyte 
therebetween such as is commonly referred to as a proton exchange membrane fuel cell. 

[6] The first electrode is located in contact with a fuel flow. On the fuel side, oxygen is 

converted to water by the electrochemical reaction: V2O2 + 2H* +2e" => H 2 0. The water may 
remain in the fuel stream or be absorbed into the electrolyte. The second electrode is 
separated from the first electrode and the fuel stream by the electrolyte. On the second- 
electrode side, many reactions may occur. In the simplest case, only the opposite reaction, 
H 2 0 => V2O2 + 2ET +2e~ , occurs and, thus, water is consumed and oxygen liberated. In this 
case, the device acts like an electrochemical oxygen pump removing oxygen from the fuel 
stream at the first electrode and depositing it at the second electrode separated from the fuel 
stream by the electrolyte. The water consumed at the second electrode must be supplied by 
the electrolyte or externally. The oxygen liberated at the second electrode must be vented. 

[7] The present invention eliminates conventional oxygen permeable membranes as the 

electrode directly contacts the fuel. The present invention also eliminates the need for a 
absolute pressure differences, oxygen permeable membranes, and components with moving 
parts such as pumps. 

[8] The present invention therefore provides a method and system for the deoxygenation 

of hydrocarbon fuel to minimize coking in an inexpensive, size and weight efficient system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[9] The various features and advantages of this invention will become apparent to those 

skilled in the art from the following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed description can be briefly described 
as follows: 
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[10] Figure 1 is a general schematic block diagram of an energy conversion device (ECD) 

and an associated fuel system employing a fuel deoxygenator in accordance with the present 
invention; and 

[1 1] Figure 2 is a block diagram of the deoxygenator system of the present invention; 

[12] Figure 3A is another view of a deoxygenator system in which the electrode- 

electrolyte assembly is located within a fuel flow path; 

[13] Figure 3B is an expanded view of a deoxygenator system formed in part as a mixer 

section within a fuel flow path; 

[14] Figure 4 A is an expanded view of a deoxygenator system formed in part upon a 

honeycomb section; and 

[15] Figure 4B is a sectional view taken along Figure 4B-4B in Figure 4 A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[16] Figure 1 illustrates a general perspective view of a fuel system 10 for an energy 

conversion device (ECD) 12. A deoxygenator system 14 receives liquid fuel F from a 
reservoir 16. The fuel F is typically a hydrocarbon such as jet fuel. The ECD 12 may exist 
in a variety of forms in which the fuel, at some point prior to eventual use for processing, for 
combustion or for some form of energy release, acquires sufficient heat to support 
autoxidation reactions and coking if dissolved oxygen is present to any significant extent in 
the fuel. 

[17] One form of the ECD 12 is a gas turbine engine, and particularly such engines in high 

performance aircraft. Typically, the fuel also serves as a coolant for one or more sub-systems 
in the aircraft, and in any event becomes heated as it is delivered to fuel injectors 
immediately prior to combustion. 

[18] A heat exchange section 18 represents a system through which the fuel passes in a 

heat exchange relationship. It should be understood that the heat exchange section 18 may be 
directly associated with the ECD 12 and/or distributed elsewhere in the larger system. The 
heat exchange system 18 may alternatively or additionally include a multiple of heat 
exchanges distributed throughout the system. 
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[19] As generally understood, fuel F stored in the reservoir 16 normally contains dissolved 

oxygen, possibly at a saturation level of 70 ppm. A fuel pump 20 draws the fuel F from the 
reservoir 16. The fuel pump 20 communicates with the reservoir 16 via a fuel reservoir 
conduit 22 and a valve 24 to a fuel inlet 26 of the deoxygenator system 14. The pressure 
applied by pump 20 assists in circulating the fuel F through the deoxygenator system 14 and 
other portions of the fuel system 10. As the fuel F passes through the deoxygenator system 
14, oxygen dissolved in the fuel is selectively converted to water W which either remains in 
the fuel F or is absorbed into the deoxygenator system. The deoxygenator system consumes 
water supplied by reservoir 28 and generates oxygen, which is collected and/or expelled from 
the system 10 at 28. 

[20] The deoxygenated fuel F flows from a fuel outlet 30 of the deoxygenation system 14 

via a deoxygenated fuel conduit 32, to the heat exchange system 18 and to the ECD 12 such 
as the fuel injectors of a gas turbine engine. A portion of the deoxygenated fuel may be 
recirculated, as represented by recirculation conduit 34 to either the deoxygenation system 14 
and/or the reservoir 16. It should be understood that although a particular component 
arrangement is disclosed in the illustrated embodiment, other arrangements will benefit from 
the instant invention. 

[21] Referring to Figure 2, the deoxygenator system 14 preferably includes an 

electrochemical conversion system 36 that removes oxygen from the fuel through conversion 
of the oxygen to water. The electrochemical conversion system 36 is located along a fuel 
conduit 38 (illustrated schematically). The electrochemical conversion system 36 is 
preferably sized to remove oxygen at a rate commensurate with fuel flow to the ECD 12. 
The electrochemical conversion system 36 12 thereby removes oxygen during online 
operation of the ECD 12 at flow rates consistent with fuel usage. It should be understood 
that the electrochemical conversion system 36 may be located anywhere in the fuel system 10 
prior to the ECD 12 and may take various shapes other than a straight conduit which may 
alternatively or additionally provide convective transfer of oxygen to the device surface 
and/or lower diffusional distances. 

[22] The electrochemical conversion system 36 includes a first electrode 40 a second 

electrode 42, and an electrolyte 44 therebetween such as is commonly referred to as an 
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ionically conducting member or proton exchange-electrolyte. The first electrode 40 and 
second electrode 42 are normally made porous and electrically conducting while the 
electrolyte 44 is substantially non-porous and electrically insulating. The electrodes and 
electrolyte are usually laminated together forming a mechanical bond and allowing ions to 
transport among three components. The first electrode 40 and second electrode 42 must be 
electrically isolated from each other and preferably from the fuel conduit 38. This is 
preferably accomplished by laminating the first and second electrodes with an electrolyte 
member that is physically larger than either electrode into assembly 36. The electrolyte 44 
preferably forms a portion of the fuel conduit 38 such that the first electrode is in 
communication with the fuel flow. Although the electrode-electrolyte assembly is illustrated 
as a relatively linear member in Figure 2, it should be understood that this assembly 36a may 
alternatively or additionally be of any configuration and form any portion of the fuel conduit 
38a such as a tubular section or the like (Figure 3A). 

[23] The materials of the first and second electrodes 40, 42 are preferably Pt or Pt-alloys, 

e.g., Pt-Ir, pure or supported on carbon. The Pt-Ir is most preferred for the second electrode 
42. The membrane electrolyte 44 is preferably ionically conducting and should not be 
construed as limited to a proton exchange membranes. 

The electrochemical conversion system 36 is powered by a power source 46. The 
electrochemical conversion system 36 forms a concentration cell with an equilibrium Nernst 
potential of 22mV at 25°C for a concentration difference of 70 to 2 ppm. Approximately 22 
mV + overpotential need only be supplied to affect the desired concentration reduction. 

[24] The first electrode 40 is located within the fuel conduit 38 in contact with a fuel flow 

F. Although the first electrode 40 is shown as a thin, uniform layer in Figure 2, the first 
electrode 40 is preferably fabricated with a surface texture and/or of a configuration which 
assists in the mixing of laminar flow boundary layers to shorten diffusion lengths. To effect 
this mixing, for example only, the electrochemical conversion system 36 may alternatively or 
additionally be fabricated with the first electrode 40a as a mixer insert (illustrated 
schematically at Figure 3B). More complex geometries for the electrochemical system 36 are 
possible and may further improve mixing. 



-5- 



EXPRESS MAIL NO. EV220476372US 



67,097-020 
EH-11085/PWA017629 



[25] Referring to Figure 4A, an electrochemical system 36b as a tubular shape which 

forms a section of the fuel conduit 38b, the first electrode 40b may be formed as a 
honeycomb structure (Figure 4B), the electrolyte 44b is tubular in shape and forms a section 
of the fuel conduit 38b and the second electrode 42b is a coating on the outside of the 
electrolyte tube 44b which is shorter than the electrolyte tube and is electrically isolated from 
the fuel conduit 38b That is, the first electrode 40 is located in contact with the fuel while the 
second electrode 42b is physically isolated and located in a position to provide for the 
expulsion of the generated oxygen or other gaseous waste products. Alternatively, the first 
electrode 40 may be macro-porous and fill the space within the fuel conduit so as to improve 
oxygen diffusional characteristics to the fuel stream. 

[26] Fuel is generally inert and will not be harmed by the acidic environment adjacent the 

first electrode 40. However, as the first electrode 40 is in contact with the fuel flow F, the 
first electrode 40 may be coated with a barrier material 48 to limit fouling. The barrier 48 or 
48b is preferably manufactured of a Teflon (AAF2400) or Hyflon (100) barrier material. 

[27] Alternatively or additionally, the overpotential for the water electrolysis reaction 

outside the fuel can be lowered by using an alloy catalyst such as Pt-Ir and/or adding a 
reducing agent to the fuel, such as -100 ppm methanol, to lower the potential of the electrode 
outside of the fuel. Methanol added to the fuel stream will be absorbed into the electrolyte 
44 and transmitted to the second electrode 42. In the presence of methanol, the reaction on 
the second electrode 42 will change from the water electrolysis reaction as described above, 
H 2 0 => V2O2 + 2H+ +2e" , to the reaction , CH 3 OH + H 2 0 => C0 2 + 6H* +6e\ which occurs at 
lower potential. 

[28] As the fuel flows past the electrochemical conversion system 36 oxygen is 

electrochemically removed from the fuel by converting the oxygen to water Removal of 
oxygen minimizes significant coking. As used herein, "significant coking" is the minimum 
amount of coking which, if it occurred in the interval between normal intended maintenance 
events for such portions of the fuel system, would be viewed as objectionable. Such coking 
occurs most readily in the portions of the fuel system having high temperatures and/or 
constricted flow paths 
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[29] The oxygen or carbon dioxide generated as the second electrode 42 must be vented to 

the atmosphere so a high gas pressure does not occur in the deoxygenator. Also, the 
electrochemical reactions at the second electrode 42 require water. The reservoir 28 provides 
both functions in the system shown in Figure 1. This is a preferred embodiment, but not 
essential to this invention. 

[30] Although particular step sequences are shown, described, and claimed, it should be 

understood that steps may be performed in any order, separated or combined unless 
otherwise indicated and will still benefit from the present invention. 

[31] The foregoing description is exemplary rather than defined by the limitations within. 

Many modifications and variations of the present invention are possible in light of the above 
teachings. The preferred embodiments of this invention have been disclosed, however, one 
of ordinary skill in the art would recognize that certain modifications would come within the 
scope of this invention. It is, therefore, to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 
For that reason the following claims should be studied to determine the true scope and 
content of this invention. 
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